Vascular responses in the large central pad of the dog's foot were recorded during stimulation of the lumbosacral sympathetic trunk and correlated with the site of stimulation and the subsequent histologic analysis of the excised trunk. The resulting description of the preganglionic inflow and postgaiiglionic outflow from the trunk demonstrated marked variations in the anatomic patterns of the vasomotor innervation of the footpad in various animals. Complete preganglionic denervation of this vascular bed required extirpation of the entire lumbar trunk caudalward as far as L-7 in addition to the interruption of those preganglionic pathways through the spinal nerves which do not pass through the sympathetic trunk.
Vascular responses in the large central pad of the dog's foot were recorded during stimulation of the lumbosacral sympathetic trunk and correlated with the site of stimulation and the subsequent histologic analysis of the excised trunk. The resulting description of the preganglionic inflow and postgaiiglionic outflow from the trunk demonstrated marked variations in the anatomic patterns of the vasomotor innervation of the footpad in various animals. Complete preganglionic denervation of this vascular bed required extirpation of the entire lumbar trunk caudalward as far as L-7 in addition to the interruption of those preganglionic pathways through the spinal nerves which do not pass through the sympathetic trunk. U NCERTAINTY as to the completeness of vasomotor denervation in a particular sympathectomy is implied in the variations in the reported levels of pre-and postganglionic control of the lower extremities both in animals and in man. 1 -9 These differences refer to pathways through the sympathetic trunk and also to vasomotor outflows which reach the effector organ directly through the spinal nerves without traversing the sympathetic trunk. 10 " 14 Several of these studies describe the communicating rami of the lumbar sympathetic trunk in the experimental animal. Investigators generally agree that in the dog the major preganglionic contributions to the trunk are derived from T -l l to L-3 spinal nerves. Yet there have been reports of contributions from L-4 and even L-5 nerves. Thus, Langley 4 found secretory fibers to the hind foot in the fourth and fifth lumbar roots. Patton, 5 by recording the galvanic skin response from the foot of the cat, showed that maximal secretory responses From the departments of Physiology and Anatr omy, St. Louis University School of Medicine, St. Louis, Mo. could be obtained consistently on the application of stimuli to the trunk below the entrance of the ramus communicating with L-4 (at the L-5-L-6 interganglionic segment). He also observed equally large responses on stimulation of the L-6-L-7 segment of the trunk. Geohagan and associates 9 who also recorded changes in electrical skin resistance on the volar surfaces of the feet of cats and monkeys, demonstrated asymmetry in the preganglionic outflow on the two sides of the same animal. In one monkey, the outflow was contained in the T-10 to L-2 nerves on the left and in the T-ll to L-3 nerves on the right.
The B and C potentials recorded by Sheehan and Marrazzi 16 in peripheral nerves while stimulating the distal ends of cut ventral roots indicated that the major preganglionic outflows occurred in the L-l-L-3 roots in the monkey and in the T-13-L-3 roots in the cat. In no instance did they observe B or C potentials in the peripheral nerves when stimulating spinal nerves below L-3 in the monkey or below L-4 in the cat, but unfortunately they reported relatively few experiments in which the more caudal segmental nerves were stimulated. Sheehan 6 reported histologic studies on the fiber components of the ventral roots of nine human and 31 monkey spinal cords. In man he found the thoracolumbar preganglionic outflow to be fairly constant from T-l to L-2 with the lower boundary occasionally extending to L-3. The outflow was more variable in the Circulation Research, Volume I, January 195$ monkey, extending usually from T-l to L-3 or L-4 with an occasional downward extension to L-5.
These studies do not necessarily describe in specific terms the pre-and postganglionic pathways for the vasomotor control of the lower extremity. The identification of sudomotor with vasomotor pathways requires a specific experimental demonstration before the observational convenience of changes in skin resistance can be used as a basis for quantitating the extent of vasomotor denervation. Neither is the mass extirpation of lumbar ganglia an adequate basis for the description of vasomotor pathways. Except for the very early work of Langley 2 • 4 who observed the color changes in the foot skin and the early measurements of volume changes in the foot and leg by Bayliss and Bradford, 1 the authors are unaware of an adequate description of specific vasomotor pathways to the lower extremity.
This paper reports the results of an examination of the vasomotor innervation of the footpad of the dog. The study was effected by stimulating the lumbar sympathetic trunk at various levels while observing the vascular responses in the footpad. These responses were correlated subsequently with histologic study of the extirpated sympathetic trunk. These data permitted a description of the levels of preganglionic entrance into the trunk as well as the levels of postganglionic exit from the trunk of those fibers which controlled the tone of blood vessels of the footpad.
METHOD
In our initial studies 16 we observed the vascular responses from the large central footpad of the dog's hind foot by means of the photoelectric plethysmograph during repetitive stimulation of the lumbosacral sympathetic trunk by means of bipolar, platinum electrodes. Stimulation was supplied by the inductorium or by a square wave generator (60 cycle, .003 second, 7-21 volts).
The lumbar sympathetic trunk was exposed on one side and a cotton thread looped loosely around the trunk above and below each visible ganglion. The number of visible ganglia present between the lowermost rib and the pelvis varied considerably, not only from animal to animal, but even on the two sides of the same animal. More detailed histo-logic examination sometimes revealed ganglion cells at intervals along the trunk even though gross swellings were not apparent. In view of these variations in the distribution of the ganglia we found it necessary to describe the levels of stimulation with respect to the vertebral and intervertebral disc levels rather than the segmental arrangement of the ganglia.
EFFECTS OF STIMULATING THE LUMBOSACRAL TRUNK AT VARIOUS LEVELS
Initially we were primarily interested in the determination of the specific levels along the sympathetic trunk at which vascular responses could be induced in the footpad. In 13 of 30 animals, no significant constrictor response was observed when the intact trunk was stimulated at vertebral levels above the body of L-4. In ,two animals, no response was observed until the trunk was stimulated at the L-6 vertebral level. Slight to moderate constrictions were first elicited by stimulation at the vertebral level of L-2 or above in 8 of 30 successful experiments, at L-3 in nine experiments, at L-4 in eight, at L-5 in three, and at L-6 in two experiments. Constrictions generally, but not invariably, became more intense as stimuli were applied at successively lower levels along the lumbar trunk. Also, they could be elicited by weaker stimulation as the site of stimulation was moved caudad. In many animals the trunk thickens perceptibly from levels L-4 to L-6 and may actually show a continuous swelling down through L-7. It is at these lowermost levels that profound reactions were most commonly induced.
A characteristic, strong vascular response (4+) consisted of a decrease in amplitude of the volume pulse starting on the third or fourth pulse (about .8 to 1.5 seconds) after application of the stimulus and proceeding rapidly to complete obliteration of the pulse at which time the stimulus was removed. Even weak faradic stimulation generally produced this profound constrictor response at the level of intervertebral discs L-6 and L-7. In some instances the decrease in amplitude of the volume pulse was accompanied by a simultaneous and profound decrease in blood content. At other times the two phases of vascular constriction were distinctly separate phenomena, being separated by 0.5 to 3.0 seconds during which the decrease in volume pulse was unaccompanied by a fall in blood content. Most commonly, however, both phenomena were combined to make up the vasoconstrictor response. Several possibilities may be offered in explanation of these hemodynamic differences: (1) a separation in time of arteriomotor and venomotor responses to stimulation of the trunk; (2) a separation in time of arteriomotor effects on the small pulsating arteries and on the arterioles; (3) progressive "critical closure" of minute vessels following reduction in their manometric pressure as a result of arterial or arteriolar constriction (Burton and co-workers). 17 In a few instances, vasodilator responses were observed in the footpad during low intensity stimulation of the sympathetic trunk, particularly at the levels of L-7 and S-l but this type of response was usually replaced by constriction when strong currents were used.
Many of our animals exhibited anatomic fusion of the right and left sympathetic trunks at varying levels between the inferior border of the sixth lumbar and the second sacral segments. Histologic examination established the fact of tissue continuity between the two sides. Simultaneous recording of volume pulses from the two hind feet during unilateral chain stimulation should reveal any commissural passage of impulses, but as yet we have failed to detect such an occurrence. (See fig. 6 .)
From our earlier experience it appeared that intact postganglionic pathways may often remain after complete extirpation of the lumbar trunk. 10 We therefore extended our studies to the upper sacral ganglia. Stimulation of the intact trunk at a point between the lowermost lumbar segment and the top sacral ganglion was frequently followed by profound constriction in the foot. The possibility of spread of current or impulses superiorly to the large postganglionic outflow from the L-7 ganglion suggested the necessity of isolating the sacral outflow from above. Therefore, we sectioned the trunk just below the L-7 ganglion and applied the stimulating current to the intact sacral trunk. In 12 of 16 animals definite and often profound constrictions were recorded from the footpad during stimulating of the sacral trunk. In many instances the constrictions were fully as intense as those induced by stimulation at L-7. In others only slight to moderate constriction could be induced even by strong stimulating currents. In four animals either no response or actual dilation was observed. Evidence of a significant postganglionic supply to the blood vessels of the plantar surface from the first sacral ganglion in many animals was furnished thereby.
In order to establish the number of sacral ganglia contributing vasomotor fibers to the foot, the first sacral ganglion was dissected free from its pre-and postganglionic connections leaving the caudal connections through the sacral trunk intact. The results of stimulation of the trunk below S-l showed that the first sacral ganglion is the only significant sacral source of postganglionic supply to blood vessels in the footpad of the dog since stimulation below S-l did not elicit a significant vascular response.
THE IDENTIFICATION OF THE POSTGANGLIONIC OUTFLOW TO THE FOOTPAD
The procedure described above with reference to the sacral ganglia suggested a technic for the mapping of the postganglionic outflow of vasomotor fibers to the foot from the rest of the trunk. Following stimulation of the intact sympathetic trunk, each visible ganglion swelling was isolated by section above and below, and the stimulating electrodes were applied directly to the "isolated" ganglion whose only intact communication consisted of the sympathetic root. In a few experiments the sympathetic roots were carefully dissected free from their connection with the ganglion and were stimulated directly. Figure 1 summarizes the results of these procedures. In dog 29 the chief postganglionic outflow to the central footpad was by way of ganglia at L-7 and S-l. Responses to stimulation at L-5 and L-3 demonstrated a significantly smaller outflow at L-5 and a much smaller outflow at L-3. In only three animals (numbers 29, 38 and 54 in figure 1 ), could definite constrictor responses be induced by direct postganglionic stimulation at vertebral levels above L-6. Thus it appears that the significant postganglionic outflow to the blood vessels of the footpad is generally limited to the very low lumbar and uppermost sacral levels. It is also evident that it would be anatomically feasible for synaptic connections to be made as low as L-6 or even L-7.
THE IDENTIFICATION OF THE PREGANGLIONIC INFLOWS TO THE LUMBOSACEAL TRUNK
The sympathetic trunk was sectioned immediately caudad to the diaphragm (thus usually decreasing afferent excitation). Its caudal connections remained intact. A stimulating current was introduced at points both above and below the uppermost available ganglion, as well as directly to the communicating rami wherever possible, while recording pulses from the footpad. Following these stimulations, the ganglion at this level was dissected free by sectioning all communicating rami and sympathetic roots but leaving the caudal connections through the trunk intact. The electrodes were then moved caudad to points above and below the next ganglion or incoming communicating ramus. This procedure was repeated with each successively lower ganglion until the entire lumbar trunk had been dissected free and stimulated at successive caudal levels.
Thus, if preganglionic fibers entered at a given vertebral level and passed caudally (or made their synapses immediately), successively greater constrictor responses would be expected as additional numbers of vasomotor fibers were activated. Reference to figure 1 recalls that the major outflow of postganglionic fibers is from the lowermost lumbar and first sacral segments of the sympathetic trunk. Hence, increments in constrictor responses may be considered as evidence for the participation of additional preganglionic fibers innervating the blood vessels of the foot. This procedure does not demonstrate the level at which the preganglionic fibers emerged from the spinal cord, but it should indicate the levels at which they entered the sympathetic trunk. (Of course, only those fibers supplying the restricted area of the footpad were under investigation.)
Immediately following stimulation, the sympathetic trunk was carefully removed and placed in osmic acid, this procedure being selected to differentiate myelinated from nonmyelinated fibers in the trunk and its connecting rami. Complete serial sections were Selected experiments to illustrate the postganglionic supply to the blood vessels of the footpad of the dog as determined by direct stimulation of the lumbosacral ganglia which had been isolated by section of the trunk both superiorly and inferiorly to the ganglia without severance of the sympathetic roots. The approximate location (with reference to the vertebral levels) and the comparative size of each obvious ganglionic swelling of the trunk is indicated for each animal. The anatomic variations are obvious. The intensity of the vasoconstriction in the pad following a stimulation of the indicated ganglion is graded thus:
Lack of response is indicated by ( -); A slight constriction by (+); A strong constriction by (2+) or (3+); An intense constriction involving obliteration of the volume pulse by (4+).
made of the trunk and the sections studied microscopically in order to reconstruct the trunk and show the actual place of entry of preganglionic fibers and of the emergence of postganglionic fibers. Differentiation of the communicating rami, sympathetic roots, and visceral rami can be made with reasonable accuracy by this procedure. The communicating rami which are composed chiefly of small myelinated fibers enter the trunk obliquely and convey preganglionic fibers. Those rami which are made up predominantly of nonmyelinated fibers course either transversely or caudally and convey postganglionic fibers. Those rami which are composed of about half myelinated and half nonmyelinated fibers leave the ganglion ventrally and probably convey visceral fibers.
entering the trunk in the rostral portion of the ganglion, a large sympathetic root (SR 1) and a smaller sympathetic root (SR 2), and a small visceral ramus (VR) situated ventral to the trunk but coursing parallel to it. Section B was selected at the level of entry of the communicating ramus (CR 2) into the ganglion. This ramus consisted almost entirely of small myelinated fibers (5 microns or less) with a few larger myelinated fibers (10 to 12 microns) scattered through the ramus. The sympathetic roots (SR 1 and SR 2) were situated in the periphery of this section. These roots were made up principally of nonmyelinated fibers with a few large myelinated fibers scattered throughout the root. In section C, the large root (SR 1) has joined the trunk. It was still possible to distinguish in section C the outline of the communicating ramus (CR 2) as a rather discrete bundle of fibers within the body of the ganglion. In section D, the smaller sympathetic root (SR 1) can be seen forming within the ganglion and the communicating ramus (CR 2) has become distributed around the periphery of one side of the ganglion. One may note that the diameter of the ganglion is greatly enlarged over that in section A. A small mixed ramus (VR) containing both small myelinated and nonmyelinated fibers may be observed ventral to the trunk in sections A through D, and this ramus is seen to emerge from the ganglion in section E. Due to its fiber components together with its ventral location (as contrasted with the location of the communicating rami and the sympathetic roots), it was considered to be a visceral ramus.
In section F, a large sympathetic root (SR 3) has become organized within the ganglion and appeared to be emerging from the sympathetic trunk (compare section G). Immediately to the left of this sympathetic root, a small communicating ramus (CR 3) was observed just after entry into the ganglion. In section G, both the communicating ramus (CR 3) and the sympathetic root (SR 3) appeared outside the trunk (T), and another large sympathetic root (SR 4) formed and emerged from the trunk. In section H the communicating ramus (CR 3) and the two sympathetic roots (SR 3 and SR 4) were distributed around the trunk (now reduced in size), and the ramus (SR 4) was branched to form two smaller roots passing peripherally. It appeared from the direction taken by the communicating ramus (CR 3) that it passed outward in an initially caudal direction rather than cranial as in the case of (CR 2).
Turning to the vascular responses, it is apparent in figure 3 that these correlate well with the histologic demonstration of the entry of small myelinated fibers into the sympathetic trunk. Thus, stimulation of the trunk above (at A) and below (at B) the large ganglion situated at the vertebral level of L-3 failed to elicit a detectable vasoconstriction in the footpad (records A and B) although several large communicating rami entered this ganglion as well as the trunk above.
Similarly, stimulation at D (record D) failed to reveal vasomotor fibers destined for the footpad, in rami which joined the superior portion of the ganglion at L-4 and which contained predominantly myelinated fibers. The first indication of the arrival of preganglionic fibers for the footpad appeared on stimulation at E (record E). This stimulation was applied just below two large rami which entered the caudal pole of this ganglion. The entry of still more preganglionic fibers was indicated by a more pronounced constriction (record F) when the stimulus was applied at level F below a large ramus which entered the superior pole of the ganglion at L-6. The similarity between responses to stimulation at levels F and G indicated the absence of any further increment in preganglionic fibers. None was found upon microscopic examination of the remainder of the sympathetic trunk. The initial portion of the constrictor responses differed somewhat, and may have represented a difference in response to direct stimulation of postganglionic fibers in record G.
Immediately following the dissection of the large ganglion located at the pelvic brim (L-7), the amplitude of the volume pulses suddenly increased, indicating a marked increase in blood flow in the foot (Compare records G and H of fig. 3 .) Prolonged stimulation of the intact sacral portion of the sympathetic trunk (record H, fig. 3 ) resulted in only slight constriction, and indicated only a minimal outflow of postganglionic fibers from the sacral chain in this animal. This slight response was contrasted with the profound constrictions which were sometimes observed when the trunk was stimulated at this level. 16 In some instances myelinated fibers entered directly into the trunk at points where no ganglion cells occurred (at the disc of L-l and body of L-2), and nonmyelinated fibers emerged from the trunk in interganglionic segments where no ganglion cells were found (disc L-6) (see fig. 3 ).
The identification of the entry of preganglionic fibers into the trunk through recruitment in the intensity of the vascular responses to successively caudal stimulation of the trunk is illustrated again in figure 4 . Relatively long stimulation (for 3.3 seconds) of the trunk at the level of the L-3 intervertebral disc resulted in a vasoconstriction (record A) of the grade designated by 2+. (See dog 44 in fig. 5 .) Movement of the stimulating electrodes caudad to the disc of L-4, however, resulted in a definitely stronger constriction (record B; grade: 3+), even though the period of stimula-tion was shorter. An additional increment in vasoconstriction (record C) was elicited by very brief stimulation at disc L-5. The histologic reconstruction of the sympathetic trunk showed that in each instance in which an increment in constriction was observed, the entrance of appropriately sized myelinated fibers was correlated with the increased response. The peculiar vascular response to stimulation at the disc of L-6 (record D) which was obtained when only the ganglion at L-7 and the sacral trunk remained intact, was typical of a number of profound reactions to stimulation of the postganglionic outflow. There was an early tendency to recovery but this was short lasting and was followed by constriction nearly to obliteration of the pulse. Almost six minutes were required for the return of the pulse amplitude to control (prestimulation) level even though there was no manipulation or disturbance of the animal other than the brief stimulation applied to the trunk as indicated in record D. This sort of biphasic response was observed frequently when the stimulation was applied to the most caudal portions of the sympathetic trunk or directly to the sympathetic roots. We know of no satisfactory explanation of this phenomenon.
It was convenient to summarize in the schematic manner of figure 5 the results of these experiments which were designed to detect the arrival at the lumbosacral trunk of n : Hi: those preganglionic vasomotor fibers over which vasomotor impulses passed to the footpad. The same schema is used as in figure 1 to designate the ganglionic swellings, sites of stimulation and intensities of the resulting vasoconstrictions in the footpad. In animal 33, a mild but definite (1+) constriction was induced by stimulation of the trunk at a point just below a ganglion at the vertebral body of L-3, indicating that some preganglionic fibers entered at L-3-or above. The successive increments in constrictor effects induced by successive stimulations at L-4, L-5 and L-6 suggested the arrival of additional preganglionic fibers at each successively lower level. The profound constriction (4+) elicited by stimulations at L-6 and L-7 indicated that all of the effective preganglionic inflow entered above these levels.
On the other hand, in two animals (numbers 34 and 35) no constrictor responses were observed upon stimulation at levels higher than disc L-6. Movement of the electrodes from a point just below the ganglion at L-6, where a powerful constriction was induced, to a point just a few millimeters higher but superior to the ganglion failed to elicit constriction. Figure 6 is a reproduction of the results of stimulation of the sympathetic trunk of dog 35. When the stimulating current was applied to the trunk at point A (as indicated in the upper right corner of the figure) no constrictor response (upper plethysmogram) was elicited even though relatively strong currents were used. Application of the electrodes to an incoming ramus (at B) which entered the trunk just a few millimeters below point A elicited a small vasoconstriction (middle plethysmogram) with weak current, and a moderate to profound constriction (lower plethysmogram) with stronger currents. Similar responses were elicited when electrodes were applied to the second large communicating ramus entering at point C. These responses were summated when the electrodes were applied to the trunk below this ganglion! Communicating rami arising from spinal nerves L-5 and L-6 have been found in thirty five of one hundred animals in which the lumbosacral trunk was carefully dissected and mapped. 18 These small rami coursed obliquely to the sympathetic trunk entering caudal to their site of origin. That is, a ramus arising from the L-5 nerve entered the trunk at L-6 and a ramus arising from the L-6 nerve entered the trunk at L-7.
In all experiments in which histologic studies were carried out, increments in constrictor responses during stimulation could be satisfactorily accounted for by rami containing 24 VASOMOTOR INNERVATION OF DOG'S HIND FOOTPAD a predominance of small myelinated fibers entering the sympathetic trunk at or slightly above the point of stimulation. In many instances increments in response were observed although no rami were observed at the time of stimulation or dissection. (Many such rami were very small and delicate and easily mistaken for fascia connecting the trunk to the surrounding tissues.) In such instances, microscopic examination revealed rami containing myelinated fibers of appropriate size to account for the functional response. Many rami were observed, both grossly and microscopically, which could not be related to any increment in vasomotor response. This presents no difficulty since we were recording only vascular responses in a limited area.
Individual rami varied in size from very small fascicles which contained only a few small myelinated or nonmyelinated fibers to very large bundles (sometimes larger than the trunk at the point of junction) which contained several groups of large and small myelinated or nonmyelinated fibers. Although presently available histologic technics do not differentiate vasomotor from sudomotor or pilomotor fibers, the concurrence of vasoconstriction upon stimulation and of the microscopic demonstration of myelinated fibers of appropriate size in the stimulated tissue suggests that the observational approach described above was adequate for the purpose of identifying the preganglionic inflow which supplied vasomotor impulses to the footpad. Similarly, in every instance of stimulation of the isolated ganglion which resulted in vasoconstriction, one or more (one to four) sympathetic roots containing predominantly nonmyelinated fibers were demonstrated histologically at appropriate levels on the stimulated chain.
It is of particular interest that the blood vessels of the footpad receive their innervation from a fairly extensive section of the sympathetic system. This anatomic fact correlates with the intensity of vasoconstrictor responses in the footpad (and digit of man) and also with the ease with which various reflex vasoconstrictions may be elicited in this vascular bed. No information is available at present concerning the relative density of the vasomotor innervation of the various parts of the extremity. However, the well-known differences in the number and size of the cutaneous vessels on the thigh and footpad suggest that the density of the vasomotor innervation must vary proportionately.
DISCUSSION
The data presented above indicate considerable variation in the levels at which the preganglionic supply to the blood vessels in the footpad enters the sympathetic trunk. These fibers may enter at any level from L-l or slightly above to L-6. Occasionally, such preganglionic fibers may enter as low as the vertebral level of L-7.
There is general uniformity in agreement among workers in the field that the preganglionic outflow from the spinal cord is from as high as T-ll through L-3 (or even L-4 in the dog), the outflow being minimal from each of the two extremes. It is also the general consensus of opinion that the lower thoracic and lumbar communicating rami course caudally, joining the chain at a point one segment below the vertebral level from which they arise. Thus, as recently emphasized by Patton, 6 the communicating ramus from the T-12 nerve in the cat joins the sympathetic trunk at the level of the ganglion which sends postganglionic fibers to the T-13 nerve.
Our data indicate that, in some animals, many segmental levels in the spinal cord contribute to the innervation of the blood vessels of the foot (dogs 33, 36 and 38 of figure 2). In other animals (dogs 34 and 35), there was no significant supply from the higher levels. In such instances the outflow from the cord might originate at levels lower than L-3 or, as a possible alternative, take a long and devious course caudad through the psoas muscle for several segments before entering the trunk. These observations have the significant implication that in animals such as these, one could not be certain of preganglionic denervation (exclusive of direct pathways through the spinal nerves) 10 of the blood vessels of the foot unless the ganglion chain were excised at least as low as the vertebral level L-6. Since in sympathetic surgery, it is the ganglionic trunk which offers the practical site for elimination of pre-or postganglionic control (rather than the site of emergence of the preganglionic fibers from the spinal cord), and since it appears possible that the preganglionic fibers may course caudalward considerably more than one vertebral segment before entering the chain, appropriate attention must be given to the more caudal ganglia in attempts at preganglionic denervation of the lower extremity.
Our data further confirm the opinions of previous investigators that in order to achieve postganglionic denervation of the vascular bed in the lower extremity, the lowermost lumbar ganglia (L-5 through L-7) and the uppermost sacral ganglion must be removed.
It appears, therefore, that in order to be certain of accomplishing complete sympathetic denervation of the blood vessels and sweat glands of the lower extremity in the dog (and probably also of those other laboratory animals having seven lumbar vertebrae) it is necessary to effect complete extirpation of the lumbar and upper sacral trunk in addition to the interruption of those pre-and postganglionic pathways through the spinal nerves which do not pass through the ganglion chain. SUMMARY Vascular responses in the large central pad of the dog's foot were recorded by means of the photoelectric plethysmograph during stimulation of the lumbosacral sympathetic trunk.
In 13 of 30 successful experiments no constrictor response was elicited when the trunk was stimulated at vertebral levels above the body of L-4, and in two animals, no response was observed until the trunk was stimulated at the level of L-6. Slight to moderate constrictions were first elicited by stimulation at L-2 in 8 of the 30 animals, at L-3 in nine experiments, at L-4 in eight experiments, at L-5 in three experiments and at L-6 in two experiments.
The functional evidence of preganglionic inflow was checked in several experiments by microscopic analysis of the chain following stimulation. The variability in the level of inflow of myelinated fibers into the lumbar sympathetic trunk was illustrated and correlated with the functional vasoconstrictor responses to sympathetic trunk stimulation.
The postganglionic outflow from the trunk to the blood vessels of the footpad was derived chiefly from the large ganglia at L-6 or L-7 and frequently from S-l. Outflows from L-5 or above were observed occasionally.
In order to assure complete preganglionic denervation of the distal portion of the lower extremity of the dog it is necessary to extirpate the entire lumbar trunk caudad as far as L-6 (or even L-7 in some animals) in addition to the interruption of those preganglionic pathways through the spinal nerves which do not pass through the sympathetic trunk.
